To evaluate the efficacy of reduced-intensity stem-cell transplantation (RIST), we retrospectively compared outcomes of 207 consecutive Japanese patients aged between 50 and 59 years with hematologic malignancies who received RIST (n ¼ 70) and conventional stem-cell transplantation (CST) (n ¼ 137). CST recipients received total body irradiation (TBI)-based or busulfan/cyclophosphamide-based regimens. RIST regimens were purine analog-based (n ¼ 67), 2 Gy TBI-based (n ¼ 2), and others (n ¼ 1). Most CST recipients (129/137) received calcineurin inhibitors and methotrexate as graft-versus-host (GVHD) prophylaxis, while 32 RIST recipients received cyclosporin. In all, 23 CST and five RIST recipients died without disease progression within 100 days of transplant. Grade II to IV acute GVHD occurred in 56 CST and 38 RIST recipients. There was no significant difference in overall survival (OS) and progression-free survival between CST and RIST. On multivariate analysis on OS, five variables were significant: preparative regimens (CST vs RIST) (hazard ratio ¼ 1.92, 95% confidence interval, 1.25-2.97; P ¼ 0.003), performance status (2-4 vs 0-1) (2.50, 1.51-4.16; Po0.001), risk of underlying diseases (1.85, 1.21-2.83; P ¼ 0.004), acute GVHD (2.57, 1.72-3.84; Po0.001), and CML (0.38, 0.21-0.69; P ¼ 0.002). We should be careful in interpreting results of this smallsized retrospective study; however, reduced regimenrelated toxicity might contribute to better survival in RIST. The low relapse rates following RIST suggest a strong antitumor activity through allogeneic immunity. Bone Marrow Transplantation (2005) 36, 667-674. doi:10.1038/sj.bmt.1705122; published online 22 August 2005 Keywords: allogeneic hematopoietic stem-cell transplantation; regimen-related toxicity; graft-versus-host disease; nonrelapse mortality; graft-versus-leukemia effect Allogeneic hematopoietic stem-cell transplantation (autologous stem-cell transplantation (allo-SCT)) is a therapeutic option for advanced hematologic malignancies. A small but significant proportion of these patients can be cured with allo-SCT. 1 Conditioning regimens have been developed to maximize dose intensity, escalating the dose-limiting toxicity in nonhematopoietic tissues.
Summary:
To evaluate the efficacy of reduced-intensity stem-cell transplantation (RIST), we retrospectively compared outcomes of 207 consecutive Japanese patients aged between 50 and 59 years with hematologic malignancies who received RIST (n ¼ 70) and conventional stem-cell transplantation (CST) (n ¼ 137). CST recipients received total body irradiation (TBI)-based or busulfan/cyclophosphamide-based regimens. RIST regimens were purine analog-based (n ¼ 67), 2 Gy TBI-based (n ¼ 2), and others (n ¼ 1). Most CST recipients (129/137) received calcineurin inhibitors and methotrexate as graft-versus-host (GVHD) prophylaxis, while 32 RIST recipients received cyclosporin. In all, 23 CST and five RIST recipients died without disease progression within 100 days of transplant. Grade II to IV acute GVHD occurred in 56 CST and 38 RIST recipients. There was no significant difference in overall survival (OS) and progression-free survival between CST and RIST. On multivariate analysis on OS, five variables were significant: preparative regimens (CST vs RIST) (hazard ratio ¼ 1.92, 95% confidence interval, 1.25-2.97; P ¼ 0.003), performance status (2-4 vs 0-1) (2.50, 1.51-4.16; Po0.001), risk of underlying diseases (1.85, 1.21-2.83; P ¼ 0.004), acute GVHD (2.57, 1.72-3.84; Po0.001), and CML (0.38, 0.21-0.69; P ¼ 0.002). We should be careful in interpreting results of this smallsized retrospective study; however, reduced regimenrelated toxicity might contribute to better survival in RIST. The low relapse rates following RIST suggest a strong antitumor activity through allogeneic immunity. Bone Marrow Transplantation (2005) 36, 667-674. doi:10.1038/sj.bmt.1705122; published online 22 August 2005 Keywords: allogeneic hematopoietic stem-cell transplantation; regimen-related toxicity; graft-versus-host disease; nonrelapse mortality; graft-versus-leukemia effect Allogeneic hematopoietic stem-cell transplantation (autologous stem-cell transplantation (allo-SCT)) is a therapeutic option for advanced hematologic malignancies. A small but significant proportion of these patients can be cured with allo-SCT. 1 Conditioning regimens have been developed to maximize dose intensity, escalating the dose-limiting toxicity in nonhematopoietic tissues. 2 Conventional stem-cell transplantation (CST) using a myeloablative preparative regimen is associated with severe regimen-related toxicities (RRT), resulting in high nonrelapse mortality (NRM) especially for old patients.
3 NRM tends to be higher in patients with refractory or advanced diseases, who have been treated heavily, compared with those who have achieved remission. 3 Considering that highdose chemotherapy followed by allo-SCT is ineffective for these patients, 4 and that intensification of preparative regimens usually leads to severe RRT and high NRM, 5 it remains unknown whether myeloablative preparative regimens are beneficial to improve survival of patients with advanced chemorefractory leukemia.
A new strategy for transplantation using a reducedintensity stem-cell transplantation (RIST) or nonmyeloablative preparative regimen has been developed to reduce RRT while preserving an adequate antileukemia effect. [4] [5] [6] This strategy decreases the risk of NRM and allows transplantation in elderly patients or those with organ dysfunction. RIST appears to be promising for a variety of hematologic diseases, if disease activity is controlled prior to transplant. 7 Most physicians believe that RIST is insufficient in controlling advanced hematologic malignancies, and that intensification of preparative regimens is required to improve their prognosis. Small pilot studies showed that RIST had been unsuccessful for advanced hematologic malignancies, 5, 8 yet, efficacy of RIST has not been fully evaluated. Few comparative studies have been reported between RIST and CST for hematologic malignancies. 9 Patients older than 50 years are regarded as candidates for RIST, yet, patients younger than 60 years frequently undergo CST. Either RIST or CST is offered to patients aged between 50 and 59 years according to doctors' preferences or based on patients' conditions. To evaluate the efficacy of RIST for hematologic malignancies in the elderly patients, we retrospectively compared the outcomes of 207 consecutive patients aged between 50 and 59 years with hematologic malignancies who had received either RIST (n ¼ 70) or CST (n ¼ 137).
Patients and methods

Data collection
We conducted a nation-wide retrospective survey of 207 adult Japanese patients aged between 50 and 59 years who received allo-HSCT from an HLA-identical sibling for the treatment of acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myelogenous leukemia (CML), and myelodysplastic syndrome (MDS) from February 1998 to November 2002 in 55 participating hospitals. Patients with a history of previous transplantation were excluded from this study.
All the CST and RIST recipients who were eligible in this study were included in each hospital. In Japan, approximately 2000 transplants are performed annually. The types of transplantations are autologous (40%), myeloablative allogeneic (45%), and reduced intensity or nonmyeloablative allogeneic transplantation (15%). 10 RIST recipients are generally treated as clinical studies in Japan. Most patients were incurable with conventional treatments and were considered inappropriate for conventional allo-SCT because they were age 450 years old and/or due to organ dysfunction (generally attributable to previous intensive chemo-and/or radiotherapy).
Data from participating centers were derived from questionnaires distributed to each center. Minimum data required for the inclusion of a patient in this study were age, performance status (PS) according to the Eastern Cooperative Oncology Group (ECOG) criteria before conditioning, medical complications at transplant, diagnosis of underlying diseases, treatment prior to allo-HSCT, disease status at transplant, preparative regimens, GVHD prophylaxis, date of transplant, date of follow-up, disease status at follow-up, development of acute and/or chronic GVHD, date of acute and/or chronic GVHD, date of disease progression/death, and causes of death. We have not collected information on the types of chronic GVHD (limited vs extensive).
Definition
Reduced-intensity regimens were defined as reported previously. 11, 12 The upper limits of busulfan, melphalan, and TBI were 8, 140 mg/m 2 , and 2 Gy for consideration as reduced-intensity preparative regimens. Neutrophil recovery was defined as an absolute neutrophil count of more than 0.5 Â 10 9 /l for two consecutive days. Patients were divided into two groups based on their disease status at transplant. Low-risk patients were defined as those with acute leukemia in first remission, CML in chronic phase, and myelodysplastic syndrome refractory anemia. The others were classified into the high-risk group. NRM was defined as death without progression of the underlying disease. Overall survival (OS) was defined as the duration of survival between transplant and either death or last follow-up. Progression-free survival (PFS) was defined as the duration of survival after transplant without disease progression, relapse, and death.
End points and statistical analysis
The primary end points were 2-year OS and PFS. The secondary end points included NRM within 100 days and 1-year of transplant, incidence of acute GVHD, and relapse rates. These end points were compared between CST and RIST recipients. For the analysis of OS and PFS, patients were stratified according to the risk of the underlying disease.
OS and PFS were determined using the Kaplan-Meier method. The last follow-up was on 1st August 2003. Median follow-up of surviving patients was 26.6 months (range, 9.5-63.6). Surviving patients were censored on the last day of follow-up. Acute GVHD was analyzed in patients who achieved initial engraftment. Cumulative incidence of acute GVHD, relapse rates, and NRM was calculated using Gray's method, considering each other event as a competing risk. 13 Clinical characteristics were compared between CSTand RIST recipients using Fisher's exact test or the MannWhitney test. A multivariate Cox proportional hazards model was used to identify independent and significant prognostic factors on OS. The variables entered in each analysis were patient age, sex, primary disease, their risks, PS, and type of preparative regimens (CST vs RIST). Acute and/or chronic GVHD was included as a timedependent covariate. A significance level of 5% was set as the limit for inclusion in the model. Prognostic factors, significant at Po0.05 in the stepwise proportional model analysis, were considered to be of importance in influencing survival.
Results
Patient characteristics and transplantation procedures
Types of transplants were CST (n ¼ 137) and RIST (n ¼ 70). Patient characteristics and transplantation procedures are shown in Table 1 . Between the two groups, there were significant differences in age, sex, types of stem cells, presence of infectious complications at transplant, and PS.
Comparison between CST and RIST R Kojima et al RIST recipients had poorer characteristics than CST recipients. All the CST recipients received either TBI-based or busulfan/cyclophosphamide-based regimens. RIST regimens were purine analog based (n ¼ 67), and 2 Gy TBI based (n ¼ 3).
Most CST recipients (129/137) received a combination of calcineurin inhibitors (cyclosporin or tacrolimus) and short-term methotrexate as GVHD prophylaxis, while 32 of the 70 RIST received cyclosporin alone as GVHD prophylaxis (Table 1) .
Engraftment
Six CST recipients (9%) died of NRM before engraftment. Neutrophils did not decrease below 0.5 Â 10 9 /l in 6 RIST recipients (9%). The other 131 CST recipients (96%) and 64 RIST recipients (91%) achieved primary neutrophil engraftment. The median intervals between transplant and neutrophil engraftment were 15 days (range, 5-27) and 12 days (range, 9-30) in CST and RIST, respectively.
Secondary graft failure developed in three patients (CST 2 and RIST 1) 3-9 months after transplant. All the three patients died of infectious complication during neutropenia.
NRM
In all, 23 CST (17%) and five RIST recipients (7%) died of NRM within 100 days of the transplant. Cumulative incidences of 100 days NRM following CST and RIST were 16% (95% confidence interval (CI), 10-22%) and 7% (95% CI, 1-14%), respectively (P ¼ 0.040). As of August 2003, 46 CST (34%) and 16 RIST recipients (23%) died of NRM. The median onset of NRM following CST and RIST was day 95.5 (range, 2-967) and day 254 (range, 49-724), respectively. Cumulative incidences of 1-year NRM following CST and RIST were 31% (95% CI, 23-39%) and 15% (95% CI, 6-23%), respectively (P ¼ 0.0062, Figure 1 ). Primary causes of NRM following CST and RIST are Cumulative incidences of NRM following CST and RIST were 31% (95% CI, 23-39%) and 15% (95% CI, 6-23%), respectively.
Comparison between CST and RIST R Kojima et al shown in Table 2 . NRM attributable to RRT occurred in 12 and one patient following CST and RIST, respectively.
Graft-versus-host disease
A total of 130 CST and 68 RIST recipients were evaluable. There was no difference in the cumulative incidences of grade II-IV acute GVHD between CST and RIST ( Figure 2 ). In CST, grade II-IV and grade III-IV acute GVHD occurred in 56 (43%) and 24 patients (18%), respectively. The median onset of grade II-IV acute GVHD was day 23 (range, 3-146 days). GVHD was fatal in 13 of the 56 patients. Of the 104 patients who survived longer than 100 days, 60 patients (58%) developed chronic GVHD.
In RIST, grade II-IV and grade III-IV acute GVHD developed in 38 (56%) and 16 (24%), respectively. The median onset of grade II-IV acute GVHD was day 44 (range, 7-109). GVHD was fatal in 11 of the 38 patients. Of the 57 patients who survived longer than 100 days, 37 (65%) developed chronic GVHD.
Survival
As of August 1, 2003, median follow-ups of surviving patients following CST and RIST were 31.6 months (range, 9.5-63.6) and 20.3 months (range, 9.5-38.4), respectively. Disease-specific outcomes are shown in Table 3 .
In all, and low-risk patients, significant differences were not observed in OS between CST and RIST (P ¼ 0.25, P ¼ 0.69) (Figures 3 and 4) . Among the high-risk patients, there was a significant difference between the two groups (P ¼ 0.044). The 2-year OS following CST and RIST was 27 and 37%, respectively ( Figure 5 ). There was no significant difference in PFS between CST and RIST among all and low-risk patients (P ¼ 0.39, P ¼ 0.77). Among high-risk patients, there was a trend toward better PFS after RIST (P ¼ 0.063). The 2-year PFS following CST and RIST was 30 and 56%, respectively.
Underlying diseases relapsed in 38 CST and 23 RIST recipients. There was no significant difference in the cumulative incidence of 1-year relapse rates between the two groups; CST 24% (95% CI, 17-32%) and RIST 29% (95% CI, 19-40%) (P ¼ 0.21, Figure 6 ).
Risk factors
A univariate analysis revealed that CML (Po0.0001), risk of underlying diseases (P ¼ 0.0002), PS (Po0.0001), and development of GVHD (Po0.001) were significant risk factors for OS (Table 4) . On multivariate analysis, five variables were significant: preparative regimens (CST vs RIST) (hazard ratio (HR) ¼ 1.92, 95% CI, 1.25-2.97; P ¼ 0.003), PS (2-4 vs 0-1) (HR ¼ 2.50, 95% CI, There was no significant difference in OS between CST and RIST (P ¼ 0.25). There was no significant difference in OS between CST and RIST (P ¼ 0.69). There was a significant difference in OS between CST and RIST (P ¼ 0.044). The 2-year OS following CST and RIST were 27 and 37%, respectively. There was no significant difference in cumulative incidences of relapse between RIST and CST. Table 4 Risk factors for overall survival following allogeneic hematopoietic stem-cell tranplantation 
Discussion
This study suggests that patients with hematologic malignancies aged between 50 and 59 years can achieve remission following RIST as well as CST. There was no significant difference in OS and PFS between RIST and CST ( Figure 3 ). Follow-up of this study was too short to draw a definite conclusion; however, short-term survivals tended to be better in RIST recipients than in CST recipients in the high-risk group ( Figure 5 ). These situations were in contrast to the low-risk group, in which OS and PFS were similar between the two groups ( Figure 4 ). Myeloablative preparative regimens might have been intolerable for highrisk elderly patients. Patients with more progressive diseases might have received CST rather than RIST. Most physicians believe that it is difficult to control advanced hematologic malignancies with RIST. 5, 7 Yet, feasibility of myeloablative preparative regimens has not been fully investigated in patients aged between 50 and 59 years. It is questionable whether intensification of preparative regimens is beneficial for controlling advanced or chemoresistant hematologic malignancies in these patients, because patients with high-risk hematologic malignancies frequently have organ damage due to repeated cytotoxic chemotherapies prior to transplantation.
14 These patients are at high risk of NRM. 15, 16 As shown in this study, a myeloablative preparative regimen is not necessarily beneficial in allo-HSCT for elderly patients with highrisk hematologic diseases. In contrast, patients aged between 50 and 59 years in good physical condition are able to tolerate a high-dose preparative regimen. Variables such as CML, low-risk underlying disease, and good PS were independent good prognostic factors for OS. We should tailor preparative regimens considering the patient's condition and risk of the underlying disease.
There are two types of complications associated with allo-HSCT. One is RRT, which often occurs within 30 days of transplantation. 3 The other is GVHD, which is frequently complicated with infections. 14, 17 In the present study, there was a significant difference in NRM attributable to RRT between CST and RIST (16 vs 7%, P ¼ 0.04). Reduced-intensity regimens cause less organ damage, contributing to less NRM. These findings were comparable to previous reports. 4, 16, 18 GVHD is the most significant concern after allo-HSCT. This study confirmed the previous studies on GVHD following RIST. 19, 20 There was no significant difference in the incidence of GVHD between CST and RIST (43 vs 56%), and onset of GVHD was delayed in RIST compared with CST. Mortality of GVHD was similar between CST and RIST (23 vs 29%). Development of grade II to IV acute GVHD was an independent poor prognostic factor for OS (HR ¼ 2.57, 95% CI, 1.72-3.84; Po0.001). These findings demonstrate that GVHD is a significant complication following RIST as well as CST, and that its optimal management awaits further investigation. Balancing GVHD and GVL effects is a delicate issue in allo-HSCT. The augmentation of GVHD prophylaxis may hamper GVL effects, and malignant cells cannot be eradicated by reduced-intensity conditioning alone. Augmentation of GVL effects such as prophylactic donor lymphocyte infusion, vaccination, and administration of cytotoxic T-cells 21 may be beneficial to control residual leukemia without increasing regimen-related mortality. At present, allo-HSCT recipients received uniform GVHD prophylaxis irrespective of the risk of underlying diseases and the patient's condition. In the future, management of GVHD should be optimized considering the risk of the underlying disease and patient conditions.
Relapse is another concern in RIST. This study did not show significant differences in relapse rates between CST and RIST ( Figure 6 ). The unexpectedly low relapse rates following RIST suggest that it has a strong antitumor activity through allogeneic immunity. Augmentation of allogeneic immunity without increasing the intensity of the arative regimen is promising for controlling advanced hematological malignancies. However, late relapse might increase following RIST due to the lack of reduction of leukemic cells by the preparative regimen. It is too early to draw definite conclusions about the incidence of late relapse following RIST based on the results of this study, since allo-HSCT recipients have a considerable risk of relapse within 3 years of transplant 22 and median follow-up of surviving patients was only 26.7 months. Long-term followup is required to clarify the prognosis of RIST recipients. This is a small-sized retrospective study, and we should be careful in interpreting results. The most important was a difference in patient backgrounds between CST and RIST recipients. To minimize unrecognized biases, patients enrolled in this study were limited to those aged between 50 and 59 years who had leukemia or MDS. Yet, RIST recipients were significantly older, and their disease status and PS were significantly worse than CST recipients. These variables influence survival following RIST 7, 23 as well as CST. [24] [25] [26] Furthermore, there was a wide difference in GVHD prophylaxis between CST and RIST. Most RIST recipients received cyclosporin alone. Short-term methotrexate, and cyclosporin or tacrolimus were given to CST recipients. The median follow-up of surviving patients enrolled in this study was 26.6 months, and thus too short, requiring further observation. Considering these facts, it is difficult to make an accurate comparison between reducedintensity and myeloablative preparative regimens in this study. We are now planning a prospective randomized study to compare RIST with CST for hematologic malignancies.
